vide diagnostic information that is more tissue-specific than the assay of the respective total enzyme activities; this phenomenon is well established and is exploited for diagnostic purposes for the common isoenzymes of aspartate aminotransferase, alkaline phosphatase, creatme kinase, and lactate dehydrogenase. We felt the same would be true for the lipase forms. EC 3.1.1.34). Esterase and lipase activities have been found in extracts of the adult liver, small intestine, gastric fluid, and tongue of newborn infants (5). Some of these enzymes have lipolytic activity and cleave the substrate that is commonly used to assay pancreatic lipase, e.g., an olive oil emulsion (6) . Given the many lipases and esterases in the body, an increase in the total lipase activity in serum does not necessarily refer to the pancreas. Our goals here were to study and develop the measurement of pancreatic lipase forms by a simple electrophoretic separation method and then provide a procedure for making these forms visible. We also wanted to determine the diagnostic efficiency, sensitivity, and specificity for acute pancreatitis of total amylase, total lipase, and their isoenzymes or isoforms in the sera of patients with abnormal pancreatic enzymes and (or) a diagnosis of pancreatitis.
Materials and Methods

Reagents
Amykzse and lipase assays in serum and tissue extracts. We used the dry-film reagent slides and procedure as provided for the KOdak Ektachem 700XR analyzer(7).
Amylase isoenzymes. We used the Helena (Beaumont, TX 77704) no. 1504 electrophoresis cell and no. 5925 amylase isoenzyme kit method (60 x 70 mm cellulose acetate gels) and recommended applicator, exactly as described by the manufacturer.
Lipase isoforms. We used the Corning electrophoresis system (Ciba-Corning Diagnostics Corp., Palo Alto, CA 94306) to separate the lipase forms, using their no. 470134 celland power supply, no. 470104 Special Purpose Electrophoresis Film (100 x 120 mm agarose gels), and no. 470046 "MOPSO" buffer, 0.05 moilL, pH 7.8; the latter contains, per liter, 22.2 g of sodium MOPSO (/3-hydroxy-4-morpholinepropanesulfonate) and 2.3 g of MOPSO. The agarose and buffer are identical to the manufacturer's recommended method for CK isoen-
The lipase slide material used by us is the same three-layered, dry-reagent film that is part of the Ektachem slides. The analysis of lipase is based on a totally enzymatic method, as first described by Mauck et al. (9) . The lipase slide structure and reactions are described elsewhere (1) . Lipase, in the presence of colipase, catalyzes the hydrolysis of 1-oleoyl-2,3-diacetylglycerol to 2,3-diacetylglycerol; the latter then diffuses through the scavenger layer to the reagent layer. After several reactions (1), the final peroxidase-catalyzed reaction involves the oxidation of a leuco dye by hydrogen peroxide to produce a blue dye. The dye's intensity is proportional to the lipase activity. We obtained small sheets (ca. 100 mm x 200 mm) of the slide material courtesy of Eastman Kodak Co. Freshly pooled patients' sera heated at 56 #{176}C for 1 h served as the diluent. Pure, freshly collected pancreatic fluid (see below) was diluted 100-fold with the heat-inactivated serum to produce a control for both amylase, -1000 U/L, and lipase, -5000 UIL. A salivary amylase control was prepared by adding fresh human saliva to the same heat-inactivated pool to give an amylase activity of -11 000 U/L. For the Ektachem, we also used control materials for amylase and lipase that were in routine use in the hospital laboratory. We found that 20 or 40 mm of heating at 56 #{176}C was inadequate to reduce the endogenous lipase activity of the pool to <5 UIL; 1 h of heating was needed.
Body Fluid and Tissues
Pancreatic juice. A hospitalized motorcyclist, who had been injured in an accident, provided the pancreatic juice. During his hospitalization, a pancreatic fistula drain to the outside of his body was prepared. After several days of collection, the pancreatic juice was colorless and crystal clear; no blood or bile was present. The pancreatic fluid was stored at -20 #{176}C after collection. With the Ektachem method, the assay values were -100 000 U/L for amylase and -500 000 UIL for lipase. After storage for four years at -20 #{176}C, these activities were 82 600 and 536 000 UIL, respectively. Amylase and lipase in the pancreatic fluid were extremely stable.
Solid tissues.
Tissue specimens were obtained through the Tissue Procurement Service of the O.S.U. Comprehensive Cancer Center. The tissue specimens were obtained at surgery and were fresh; no preservatives or fixatives were added to the specimens. The tissue specimens were stored frozen at -70 #{176}C before extraction.
Subjects
Normal persons. Leftover serum specimens were obtained from 25 normal young adults (12 women and 13 men), ages 18 to 30 years, who were seen for routine health evaluations in the O.S.U. Student Health Center. They were presumed to be in good health and free of pancreatic disorders.
Patients.
Leftover inpatients' serum specimens were included in our study, provided they had an abnormal activity of amylase (>140 UIL) or lipase (>200 U/L) by the Ektachem procedure. To investigate the changes in the enzymes in some patients with acute pancreatitis, we collected multiple specimens on successive days. A total of 272 serum specimens was collected from 100 hospitalized patients. Storage, if needed, was at -20 #{176}C.
Procedures
Amylase isoenzymes. The electrophoretic separation of amylase isoenzymes was carried out on cellulose acetate at a constant 300 V (5 V/mm) for 1 h in a cooled cell. The amylase bands were developed with an overlay of an insoluble potato starch linked to Cibacron Blue F3 GA. The dye stains the amylase bands; the stain intensity is proportional to the amylase activity. The pool containing pancreatic juice or another pool containing added saliva, both as described above, was assayed with each gel plate of specimens.
Lipase isoforms. Lipase isoforms were separated by electrophoresis for 20 mm at 115 V (1.15 V/mm). Depending on the total lipase activity, 1 to 6 pL of serum specimen, control, or tissue extract was applied to the agarose wells. The total amount of lipase activity applied was such that the product, microliters of serum x lipase activity (U/L), was between 1000 and 10 000. For example, if the specimen contained lipase activity of 1000 U/L, we applied 3 j.L to the agarose. The poo1with added pancreatic juice was assayed as a control on each plate.
After electrophoresis, strips of Ektachem lipase slide material were placed, with the chemical reagent side down, on the agarose and incubated at 37 #{176}C for 30 mm. To ensure intimate contact between the agarose and the slide material, the elimination of air bubbles is important. After the incubation, the reagent strips were lifted from the agarose, and the slide material was allowed to dry. The lipase bands were made visible by the blue dye in the opaque reagent layer of the Ektachem lipase slide material, but the blue dye did not enter the agarose film.
The isolipase bands were stable at 4 to 8 #{176}C for about 2 h in the dark; they fade or smear at room temperature or in strong light. Therefore, we prepared Ektachrome transparencies of the Ektachem slide material for later densitometry.
The isolipase bands in the transparencies were scanned at Kodak by using a microdensitometer with an effective slit width of 16 m. For the isolipase bands of each specimen and control, 1500 data points spaced every 10 m were taken, giving a 15-mm-wide scanned region. The blank for the microdensitometer was air. Tissue extraction. Tissue specimens were thawed and thoroughly washed with cold (4#{176}C) distilled water. The wet tissues were laid on sponges for about 2 s to absorb any residual water, and the wet weight of each tissue specimen was determined. Tissues were washed again in cold 0.15 mol/L NaCI solution and minced with a razor blade on a piece of rough glass. The material was then hand-homogenized by using a porcelain mortar and pestle in cold pH 7.0 buffer containing, per liter, 25 mmol of phosphate and 4.5 g of bovine serum albumin; the latter had no measurable amylase or lipase activity. The amount of buffer was adjusted to contain 0.1 to 0.4 g of tissue per milliliter. The homogenates were centrifuged at 2600 x g and 4#{176}C for 30 mm. The supernatant solutions were stored at -20 #{176}C and thawed just prior to assay. The amylase or lipase activities in the tissue extracts were expressed as U/g of tissue, the wet weight.
Reaction with monoclonal antibody. We determined the average anti-human pancreatic lipase antibody binding capacity of the Beckman anti-lipase beads, and the effect of temperature and incubation time on the binding capacity of the beads. One bead and i00-jiL aliquots of either the lipase control described above, a tissue extract, ora patient's serum were incubated at 25 or 37 #{176}C for 1, 2, 4, and 8 h. Excess lipase was added in each case, and five replicates were examined for each experimental condition. Also, i00-/.LL aliquots of undiluted pancreatic juice were incubated with one bead each for1 or 2 h at 25 and 37 #{176}C. After the bead was added, the tube was shaken gently for -5 s, and then incubated in a water bath (25 or 37 #{176}C) for the indicated times. During the incubation period, each tube was shaken once every 20 mm.
The activities of total lipase and lipase isoforms were measured before and after incubation with the bead for each sample, and the loss in lipase activity in the supernate was used to calculate the average lipase binding capacity of the beads.
Results and DIscussIon
Lipase Patterns in Pancreatic Juice and Serum Figure 1 shows the lipase activity patterns we observed in our control serum, i.e., the serum pool with added pancreatic juice. We saw the same lipase pattern in patients with acute pancreatitis. The most anodal band is Li and the most cathodal is L3, numbered in conformance to the convention of the International Union of Biochemistry (10) . In normal subjects and in patients with pancreatitis and (or) some other disorders, L3 was always a minor band of relatively constant intensity.
Lipase lsoenzymes vs Isoforms
Li and L2 are probably not true isoenzymes but rather post-translational variants, i.e., isoforms. Analyzing human pancreatic juice by polyacrylamide gel electrophoresis, De Caro et al. (11) foundtwo pancreatic isolipases having isoelectric pHs of 5.80 and 5.85. By Table 1 . Only an extract of normal duodenum showed bands that migrated to the Li and L2 positions, i.e., a pattern like that observed with the pancreatic extract or pancreatic juice. Extracts of colon and stomach gave a band that migrated to the Li position. The lipase activity in normal pancreas was much greater than that in the other tissues we examined.
Immunoreactivity of Lipase Isoforms
Lipase isoform binding to anti -lipase antibody beads. The anti-lipase antibody beads bound Li and L2 but not L3. In the presence of excess antibody, Li and L2 were completely removed from the pool supplemented with pancreatic fluid, but L3 remained in solution and was detected in the Kodak lipase slide material after electrophoresis.
The anti-lipase antibody was prepared by starting with purified human pancreatic lipase. If we assume that the beads bind only pancreatic lipase, then L3 is not pancreatic lipase, but probably pancreatic carboxyl ester lipase, also known as cholesterol esterase. The identity of L3 remains to be confirmed. The binding capacity of the bead was about 0.4 U/bead (CV 15%) at both 25 and 37 #{176}C. The binding capacity was the same after 1, 2, or 4 h of incubation at either temperature. In the extract of duodenum, the L2 band disappeared after incubation with the anti-lipase beads. In no other tissues did we find bands that were removed by the The pattern remained unchanged at 25#{176}C after 24 h of incubation. After 6 h at 37 #{176}C, there was a slight decrease in Li; Li decreased still further at 24 h. We were lookingfor a possible conversion of Li to L2 in serum, or vice versa, that did not occur. What we observed probably reflected the lower stability of Li than L2 at 37 #{176}C.
Lipase Isoforms in Normal Subjects
The 25 normal persons had lipase values in serum of 47 to 221 U/L (mean ilO U/L, SD 50 UIL); amylase in serum was 30 to hO UIL (mean 52 UIL, SD i9 UIL). We found Li lipase isoenzyme in iO of these persons, L2 in none, and L3 in all.
Data on Patients
The patients' diagnoses were obtained from their medical records. In the 4i patients with a diagnosis of pancreatitis, 32 had objective diagnostic data (3); i.e., 10 had laparotomy where the pancreas was observed and palpated, three had computerized tomography of the pancreas followed by laparotomy, two had ultrasound examinations followed by laparotomy (15 patients in all had laparotomy), ii had computerized tomography only, two had ultrasound examinations only, and four had computerized tomography and ultrasound studies. All the patients had clinical findings and observations in their records, but for nine patients the diagnosis of pancreatitis was based solely on the clinical findings, i.e., a subjective diagnosis. All 4i patients with pancreatitis had serum amylase data, and 34 had serum lipase data (Ektachem method) in their records. None of the other 59 patients investigated had a diagnosis of pancreatitis, although some of the transplant patients had such comments as "possible" pancreatitis in their records. On the basis of these observations, we chose to divide the patients into three groups: (a) those with a diagnosis of acute, recurrent acute, or chronic pancreatitis; (b) those without a diagnosis of pancreatitis; and (c) patients with any type of organ transplantation. Table 2 summarizes the demographic data for our groups of patients with and without pancreatitis and the transplant cases. Excludingthe latter, we had a total of 41 patients with and 40 without pancreatitis.
In patients with pancreatitis of all types, biliary tract diseases such as acute cholecystitis frequently co-existed. Also in these cases, trauma, diabetes mellitus, and alcohol abuse were common; the latter was especially the case in patients with chronic pancreatitis.
Of considerable interest was the presence of L2 in all patients with pancreatitis, in contrast to the absence of L2 in normal persons. L2 was found in the serum of 70% of the patients with liver or biliary tract diseases. As we described earlier (1) , the pancreas is extremely sensitive to inflammation or other disorders of nearby organs, and some of these patients may have had secondary pancreatitis. L2 was observed in about two-thirds of the patients with diseases of the stomach or the small or large bowel. We found L2 in about one-half of the patients in the miscellaneous group, and in most of those having organ transplantation.
Highest observed en.zyme results. The highest serum amylase and lipase values all occurred in the patients with acute pancreatitis. The serum amylase and lipase activities and a brief diagnosis of these individuals whose lipase was >1000 U/L (i.e., >5 x the reference value) are given in Table 3 . Obvious are the extraordi- And additional diagnoses as shown.
Patients receiving kidney only(n = 8), kidney and pancreas (n = 9), lIver (n = 1), or heart (n = 1) transplantation andadditionaldiagnosesas shown. CMV, cytomegalovirus infection; CAD, coronary artery disease;DM/DKA,diabetesmellitus/diabetic ketoacidosis. nary increases in serum lipase in all the patients but only modest increases in the serum amylase in some of the patients with pancreatitis. Also here are data on patients without a diagnosis of pancreatitis but who had lipase values >1000 U/L; these persons had complex and (or) serious conditions. In two of seven patients with chronic pancreatitis, the amylase in serum was always <140 UIL; in none of these was the lipase ever <200 U/L during their acute disease.
Correlation data. In patients with pancreatitis, correlation values for L2 in UIL vs lipase in UIL are r = 0.61 (P <0.01); for lipase vs amylase, r = 0.89 (P <0.01); and for L2 in U/L vs amylase, r = 0.29 (P <0.05).
Sensitivity and specificity data. Modified Gerhardt (12) plots for serum amylase, P3 amylase, lipase, and L2 lipase are shown in Figure 2 for our 81 patients with and without pancreatitis; again, the 19 patients in the transplant group were excludedhere.We combined the data from patients with acute and chronic pancreatitis because both groups had very similar clinical and laboratory findings and the latter are probably better classified as "recurrent acute pancreatitis." One should view Figure   2 in light of the explicit data in Table 4 , which summarizes the sensitivity, specificity, and diagnostic efficiency of these tests at various discrimination values. In order of decreasing diagnostic efficiency, the tests are L2, lipase, P3, and amylase. Some of the patients with an acute process in the abdomen or complex and extensive diseases did not have a diagnosis of pancreatitis but had an abnormally increased lipase, L2, or both in serum. Such patients necessarily reduce the specificity and diagnostic efficiency of these pancreatic enzymes. Gerhardt plots (12) (Figure 2 ) are superior to receiver operating characteristic (ROC) curves in judging the best discrimination or cutoff point to maximize the sensitivity or specificity of a test.
Amylase is a poor test for evaluating patients with an "acute abdomen" or for use in the diagnosis of pancreatitis; better choices would be the lipase test, because of its higher sensitivity, and P3 amylase or L2 lipase, because of their greater specificity than that of amylase or lipase.
Data on one patient with acute pancreatitis, shown in Figure 3 , are typical for patients with pancreatitis: the lipase activity in serum is much higher than the amylase activity, the time for the peak values for both enzymes is about the same, and the activities of amylase and lipase tend to change in tandem.
In normal persons, amylase is cleared by the kidneys, and lipase is readily filtered and totally reabsorbed by the renal tubules. An abnormally increased lipase in serum is common in patients with renal failure (13, 14) . 
Conclusions
The estimation of the three lipase isoenzymes in serum by the overlay of KOdak Ektachem lipase slide material on agarose electrophoretic plates does not require complex equipment.Three lipase isoforms are present in pancreatic fluid, two of which-Li and L2-appear to be pancreatic lipase, as determined by their reactivity with human anti-pancreatic lipase antibody. We found Li in some normal persons, L2 in none, and L3 in all; the latter is probably pancreatic carboxyl ester lipase, which is present in serum in apparently constant amounts in normal persons and in patients with pancreatitis and (or) a host of other abdominal disorders, as in the patient cohort described here.
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All patientswith pancreatitis showed the L2 form, and about two-thirds of patients without a diagnosis of pancreatitis but with some acute abdominal disorder also had increased amounts of L2 in serum. Some patients with complex and extensive disorders did not have a diagnosis of pancreatitis but may have had the disease. Results for amylase, P3 amylase, lipase, and L2 lipase in serum from patients having organ transplantation are shown in Figure 4 . In nearly all cases, thesepancreatic enzymes were abnormally increased after kidney, simultaneous kidney and pancreas, liver, or heart transplantation surgery. We excluded from Figure 4 data from two patients whose blood specimens were obtained less than two days after their transplantation surgery. By and (or) other infections,cyclosporin toxicity, and systemic lupus erythematosus patients with and without complications and (or) acute rejection. We suggest that this observation merits furtherstudy.
Quality-Control Data
The quality-control statistics for the Ektachem 700XR analysis for amylase in serum are: control 1, mean 63 UIL (SD 1.3 UIL), n = 58; control 2, mean 264 UIL (SD 4.2 UIL), n = 59. For lipase in the same two controls, the respective data are 112 UIL (1.8 U/L), n = 31; and 650 UIL (7.1 UIL), n = 30. The assay of the amylase isoenzyme controls gave qualitatively consistent electrophoretic patterns for pools supplemented with saliva and pancreatic juice, and we were always able to separate Si and P3 am1ase. For the lipase control, we consistently recovered the expected pattern for the lipase isoforms. For 12 between-day assays, densitometry for Li in the control gave a mean of 30% (SD 1.5%); the comparable data for L2 were 65% (2.1%), and for L3 5.04% (1.0%).
For the diagnosis of pancreatitis, lipase and L2 have essentially the same sensitivity-90% to 100%-if appropriate cutoff values are used, but L2 has better diagnostic efficiency. When lipase in serum is increased above fivefold normal, i.e., >1000 U/L, pancreatitis (or organ rejection in transplant patients) is highly likely. The presence of acute pancreatitis is unlikely if the lipase never exceeds 500 to 600 U/L. Serum amylase exhibited a lower sensitivity than lipase. Amylase P3 isoenzyme had poor sensitivity but good specificity for pancreatitis.
Arnylase is a poor test in the diagnosis of pancreatitis; better choices would be the lipase test, because of its higher sensitivity, and L2 lipase or possibly P3 amylase, because of their greater specificity.
